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[57] ABSTRACT - 

A process is described for producing carbon monoxide 
and hydrogen which comprises contacting methanol 
vapor at a temperature of 200° to 500° C. with an indi 
rectly heated zinc containing catalyst while said metha 
nol vapor is at a pressure in a range of 2 to 50 bars, 
whereby to obtain an effluent gas in which the compo 
nents of carbon monoxide and hydrogen constitute at 
least 90% by volume of said gas, removing at least a 
part of the impurities from said effluent gas and separat 
ing said effluent gas into its carbon monoxide and hy 
drogen components by adsorption. The effluent gas can 
be separated into its carbon monoxide and hydrogen 
components by use of a plurality of adsorbers contain— 
ing zeolite-type molecular sieve material where the 
zeolite is substantially permeable to hydrogen but sorbs 
carbon monoxide. 

3 Claims, 1 Drawing Figure 
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PROCESS FOR PRODUCING CARBON 
MONOXIDE AND HYDROGEN FROM 

METHANOL 

This invention relates to a process of producing car 
bon monoxide and hydrogen, which are separately dis 
charged. 

It is an object of the invention to make these gases 
available at low cost. In this connection it is also impor- - 
tant that the plant can be designed for relatively low 
production rates. In accordance with the invention this 
is accomplished in that methanol vapor is dissociated on 
an indirectly heated, zinc-containing catalyst at temper 
atures of 200° to 500° C. and at a pressure in the range 
of 2 to 50 bars to form an effluent gas in which the 
components CO and H2 constitue at least 90% by vol 
ume, at least part of the impurities are removed from the 
ef?uent gas and the latter is separated into the compo 
nents CO and H; by adsorption. The use of methanol as 
starting material simpli?es the process and reduces its 
cost because methanol can be stored and. evaporated 
without great dif?culties. 
Whereas the methanol used in the process need not 

have a particularly high purity, the methanol vapor to 
be dissociated should contain water vapor not in excess 
of 20% by weight and preferably in the range of 2 to 
10% by weight in order to minimize the CO2 content of 
the effluent gas. For the subsequent separation of car 
bon monoxide by adsorption, it will be desirable if the 
dissociated effluent gas contains methane not in excess 
of 1% by volume because such methane will be re 
moved by adsorption together with the carbon monox 
ide. 

Zinc-containing catalysts differing in composition 
may be used to dissociate the methanol vapor. A suit 
able catalyst contains 50 to 90% by. weight ZnO and 10 
to 30% by weight Cr2O3. Where this catalyst is used, 
the temperature in the dissociating stage is maintained 
in the range of about 300° to 500° 0, preferably of 350° 
to 450° C. . 

Another suitable catalyst contains about 20 to 50 
atomic percent zinc, about 40 to 60 atomic percent 
copper and about 10 to 20 atomic percent vanadium. 
Where this catylast is used, the dissociation tempera 
tures are lower and lie at about 200° to 300° C., prefera 
bly at 250° to 270° C. Details of the production of cata 
lyst of this type are known from German Pat. No. 
1,930,702 and the corresponding US. Pat. 3,897,471. In 
said publications it is proposed to use the catalyst for the 
synthesis of methanol. Generally, per kg of catalyst 1-3 
kg/h of methanol are fed into the dissociation zone. 
The catalytic dissociation of the methanol vapor is 

suitably effected in a tubular reactor, which has cata 
lyst-?lled tubes that are heated from the outside by a 
liquid bath. Heat must be supplied because heat is con 
sumed as methanol is dissociated. 
The impurities contained in the dissociated effluent 

gas consist mainly of water vapor and/or carbon mon 
oxide, which should be removed before the further 
processing of the gas. The water vapor can be removed 
by condensation. Known scrubbing process using, e.g., 
monoethanolamine, may be used, for instance, to re 
move COZ. Alternatively, these impurities may be re 
moved by known adsorption processes using, e.g., mo 
lecular sieves. 
The separation of carbon monoxide and hydrogen by 

adsorption will be, facilitated when the above-men 
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2 
tionedvv impurities have previously been removed as 
completely as possible required. The degree of that 
removal will depend also on the purity which is desired 
for the carbon monoxide and hydrogen to be produced. 
It is preferred to have residual impurities in the CO/H; 
mixture of less than about 6 percent by volume. 
The separation of CO and H2 may be effected, e.g., in 

that the effluent gas from which at least part of the 
impurities have been removed is fed under a pressure of 
2 to 10 bars to one of several adsorbers. which contain 
zeolite-type molecular sieve material, which is substan 
tially permeable to hydrogen. Molecular sieves of that 
kind are known and have usually a defined pore diame 
ter of 3 to 5 Angstrom. 

In a suitable separating process, each adsorber is 
charged with ef?uent gas and H2 is withdrawn, the 
charging is continued beyond the breakthrough of CO, 
the mixed CO-Hz effluents are fed to another adsorber, 
the ?rst-mentioned adsorber is subsequently scaveneged 
with virtually pure CO to removed residual Hz, the 
adsorber is subsequently pressure-relieved to remove 
the virtually pure CO by desorption, and the supply of 
effluent gas is then renewed. All adsorbers pass through 
the same process steps but are operated with a phase 
displacement so that a different process step is per 
formed in each adsorber at any given time. 
An embodiment of the process will now be explained 

with reference to the drawing, showing a flow diagram. 
Liquid methanol is fed in conduit 20 and evaporated 

in heat exhcanger 21. The methanol vapor flows in duct 
22 to a ?red heater 23 and leaves the same in duct 24, 
e.g., at temperatures of 300° to 500° C. 
The methanol vapor then enters a tubular reactor 25, 

the tubes 26 of which contain a zinc~containing catalyst. 
The tubes are surrounded by a hot salt bath, which is 
circulated through the heater and the conduit 28 by a 
circulating pump 27. The heater 23 is supplied with air 
from duct 29 and with fuel from conduit 30. 
The effluent gas resulting from the dissociation of ' 

methanol leaves the reactor 25 in duct 31 and flows 
through the heat exchanger 21 first and then through 
another heat exhcanger 32. At least 90% by volume, 
preferably at least 95% by volume, of the effluent gas 
leaving the heat exchanger 32 in duct 33 consist of CO 
and H2. 
The gas is ?rst treated to remove those impurities 

which would be disturbing in the subsequent separation 
by adsorption. Such impurities are mainly water vapor 
and CO2. For this purpose the effluent gas is passed 
through a purifying stage 34, which may be designed in 
known manner to dry the gas and also to remove C02. 
C02 need not be removed if the gas in duct 33 has a 
sufficiently low CO2 content, for instance, below 5% by 
volume, so that residual CO2 will/not be disturbing in 
the separated CO. This will also depend on the purity 
which is desired for the ‘recovered carbon monoxide. 
A gas consisting virtually only of carbon monoxide 

and hydrogen is fed in duct 35 to the stage for separa 
tion by adsorption. The separating stage comprises 
three adsorbers A, B, and C, which are ?lled with a 
suitable zeolite. Ducts which incorporate valves 1a, 2a, 
3a, 4a, 5a, and 6a are associated with the adsorber A. 
Ducts which incorporate valves 1b to 6b are associated 
with the adsorber B. Ducts which incorporate valves 10 
to 60 are associated with adsorber C. All three adsorb 
ers perform the same process steps in succession but are 
in different states at any given time. To explain the 
operation of the separating stage, the consecutive pro 
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cess steps in the adsorber A will now be considered 
?rst. 
Through the opened valve 10 in duct '35, the mixture 

of CO and H2 flows into the adsorber A. Hydrogen can 
pass through the adsorbent and flows through the 
opened valve 50 into the hydrogen-collecting manifold 
36. The remaining valves associated with the adsorber 
A are closed. The adsorber becomes increasingly laden 
with carbon monoxide and retains also a small propor 
tion of hydrogen. 
As soon as the adsorber A has been laden with CO to 

such a degree that there is a breakthrough of CO, which 
is then contained in the hydrogen ef?uent, the valve 50 
is closed and the valve 60 is opened. The mixed CO and 
H2 effluents from the adsorber A are now conducted 
through ducts 9 and 37 and the opened valve 4b to the 
adsorber 8, which has been switched for adsorption at 
that instant. Hydrogen from the adsorber B ?ows 
through the opened valve 5b to the manifold 36. 
Some time after the breakthrough of CO in the ad 

sorber A, the supply of gas through the valve In is 
interrupted and the adsorber A is subsequently scav— 
enged. This is accomplished in that CO from a reser 
voir, not shown, is fed by means of a blower 38 through 
a duct 39 and the opened valve 2a into the adsorber A. 
The hydrogen contained in the adsorber A is thus dis 
placed by the CO to flow through the opened valve 60, 
ducts 9 and 37, and the opened valve 4b also to the 
adsorber 8. 
When the adsorber A has been scavenged, it is laden 

only with CO, which is withdrawn and recovered by 
desorption. For this purpose the valves 5a and 6a are 
closed and the adsorber A is pressure-relieved through 
the opened valve 311. At this time, carbon monoxide is 
withdrawn through the duct 40 by the pump 41, which 
consists preferably of a vacuum pump, so that subatmo 
spheric pressures of about 50 to 500 millibars can be 
obtained in the adsorber A during the desorption. The 
pump 41 forces the CO into the above-mentioned reser 
voir, not shown. . 

After the desorption, the pressure in the adsorber A 
must be raised so that the pressure of the gas in duct 35 
will not result in a detrimental pressure surge. For an 
equalization of pressure, the valves la to 5a are closed 
and the valve 6a is opened to admit H2 gas from duct 36 
through control valve 8 into the adsorber A. When the 
pressure has been equalized, the adsorber A is switched 
for adsorption and is now supplied with gas from duct 
35 through the opened valve 10 and is supplied for a 
short time with a mixture of CO and H2 (broken 
through gas) from the adsorber C through ducts 9 and 
37 and the opened valve 4a. When the adsorber C has 
been switched for the scavenging step, the adsorption of 
effluent gas from the duct 35 is continued in the ad 
sorber A beyond the breakthrough of CO, as has been 
described hereinbefore. 
As has been explained, the three adsorbers are in 

different states at any given time. When the desorption 
in adsorber A begins, the adsorber 8 has just been 
switched for the adsorption of gas coming from duct 35 
and is delivering hydrogen to the collecting manifold 
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EXAMPLE 

A system corresponding to that shown on the draw 
ing is operated as follows: At a rate of 1000 kg per hour, 
liquid methanol at 10° C. and 22 bars is supplied in 
conduit 20 and is evaporated in the heat exchanger 21 
by being heated therein to 160° C. The methanol vapor 
is superheated to a temperature of 400° C. in the ?red 
superheater 23 and is then fed in duct 24 to the tubular 
reactor 25, in which the superheated methanol vapor is 
distributed to 280 tubes, which are ?lled with catalyst. 
The catalyst consists of 78% by weight ZnO and 22% 
by weight Cr2O3. The tubes of the reactor 25 are indi 
rectly heated by a molten salt bath having a melting 
point of 140° C. and consisting of 59% by weight potas 
sium nitrate and 41% by weight sodium nitrate. 

Effluent gas consisting of 30.3% by volume CO, 
67.1% by volume H2, and 2.3% by volume CO2 leaves 
the reactor 25 at a rate of 2065 standard m3 per hour and 
is fed in duct 31 to the heat exchanger 21. That gas is at 
a temperature of 450° C. and a pressure of 20 bars and is 
free from methane. The gas is cooled to 50° C. in the 
heat exchanger 21 and is cooled to 30° C. by cooling 
Water in the succeeding cooler 32. 

In the duct 33, the gas ?ows under a pressure of 19.5 
bars to the purifying stage 34, which consists of two 
adsorbers ?lled with commercially available molecular 
sieve material. The adsorbers are switched for adsorp 
tion and regeneration in alternation. The gas is freed 
from residual water, CO2 and methanol traces in the 
adsorbers. The molecular sieve material is thermally 
regenerated by means of high-hydrogen gas supplied in 
duct 36 from the adsorption plant, which will be subse 
quently described. 

Said high-hydrogen gas is available under a pressure 
of 3.4 bars. Each adsorber of the purifying stage 34 is 
switched for adsorption for 8 hours. The subsequent 
desorption is effected with the additional use of a heater 
for supplying the heat for desorption to the regenerat 
ing gas, and with a cooler and separator for cooling the 
regenerating gas which has left the adsorber that is to be 
regenerated. These details are not shown on the draw~ 
ing. 

the gas which leaves the purifying stage 34 in duct 35 
at a rate of 2010 m3 per hour consists of 31% by volume 
CO and 69% by volume H2. The gas is ?rst pressure 
relieved to 3.5 bars and is then passed through one of 
the three adsorbers A, B, and C, the mode of operation 
of which has been explained hereinbefore. The adsorb 
ers are ?lled with a zeolite which is commercially avail 
able from Bayer AG as Type K 155. 
As has been described hereinbefore, each of the three 

. adsorbers A, B and C is operated to perform said steps 
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36. At the same time, the adsorber C is being scavenged ' 
with CO fed from the reservoir by means of the blower 
38. To permit the use of ducts 9 and 37 for conducting 
different gases, the scavenging, equalization of pressure, 
and delivery of breakthrough gas in the various adsorb 
ers are effected during different periods of time. 

65 

in succession and all three adsorbers are in different 
states at any given time. Each adsorber is switched for 
adsorption for about 3 minutes and for desorption also 
for 3 minutes. The state of adsorption in which mixed 
CO and H2 effluents (brokenthrough gas) leaves the 
adsorber lasts about 1 minute and about 1 minute is also 
required for the subsequent scavenging with CO. Dur 
ing the desorption, the pressure is decreased to 100 
millibars. The pressurization of the adsorber (equaliza 
tion of pressure), which is required after the adsorption 
and effected by a supply of ' high-hydrogen gas from 
duct 36, takes about 1 minute. 
The high-hydrogen gas in duct 36 consists of 94.1% 

by volume H2 and 5.9% by volume CO. The CO prod 
uct gas delivered in duct 40 contains 98% by volume 



4,316,880 
5 

CO and 2% by volume H2 and is at a temperature of 30° 
C. and at approximately atmospheric pressure. Unless 
the high-hydrogen gas in the duct 36 is to be used for 
other purposes, the surplus may be used to ?re the 
heater 23. 
We claim: 
1. A process for producing carbon monoxide and 

hydrogen which comprises contacting methanol vapor 
containing water vapor in an amount of 2 to 10 percent 
by weight at a temperature of 200° to 300° C. and a 
pressure in the range of 2 to 50 bars with an indirectly 
heated catalyst comprising 20 to 50 atomic percent zinc, 
40 to 60 atomic percent copper, and 10 to 20 atomic 
percent vanadium, whereby to obtain an effluent gas 
rich in carbon monoxide in which the components of 
carbon monoxide and hydrogen constitute at least 90% 
by volume of said gas, removing at least a part of the 
water vapor and carbon dioxide impurities from said 
effluent gas, and separating said effluent gas into its 
carbon monoxide and hydrogen components by adsorp 
tion by feeding said effluent gas under pressure of 2 to 
10 bars to one of several zeolite type molecular sieve 
containing adsorbers where the zeolite is substantially 
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6 
permeable to hydrogen, said adsorption process com 
prising feeding said effluent to a ?rst adsorber contain 
ing a zeolite type molecular sieve and withdrawing 
hydrogen from said adsorber, continuing to charge said 
?rst adsorber beyond a breakthrough of carbon monox 
ide, withdrawing carbon monoxide~hydrogen from said 
frist adsorber and feeding it to a second adsorber, there 
after scavenging said ?rst absorber by introducing vir 
tually pure carbon monoxide to remove residual hydro 
gen from said ?rst absorber, removing virtually pure 
carbon monoxide from said ?rst absorber by pressure 
relieving said ?rst adsorber whereby carbon monoxide 
is desorbed from the molecular sieve therein, renewing 
effluent gas supply to said ?rst adsorber and while said 
?rst adsorber is being pressure relieved, feeding effluent 
gas to a second adsorber. . 

2. A process according to claim 1 wherein the efflu 
ent gas contains methane in the amount of not more 
than 1% by volume.‘ 

3. A process according to claim 1 wherein the cata 
lyst is disposed in tubes which are heated externally by 
a liquid bath. 

ll‘ Ill * * It‘ 
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